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Abstract  Background :  Following  the  1991  Gulf  War,  some 
veterans  expressed  concerns  regarding  their  reproductive 
health.  Our  objective  was  to  assess  whether  an  association 
exists  between  deployment  to  the  1991  Gulf  War  and  self- 
reported  adverse  pregnancy  outcomes.  Methods :  Using  a 
modified  Dillman  technique  with  telephone  follow-up,  we 
conducted  a  survey  via  a  postal  questionnaire  from  February 
1996-August  1997  to  compare  selected  reproductive  out¬ 
comes  among  10,000  US  veterans  deployed  to  the  1991  Gulf 
War  with  those  of  10,000  nondeployed  Gulf  War  era  veterans. 
Results'.  A  total  of  8742  individuals  responded  to  the  survey, 
a  response  rate  of  51  percent.  Using  multivariable  analy¬ 
ses,  results  showed  no  differences  in  number  of  reported 
pregnancies  between  Gulf  War  veterans  and  nondeployed 
veterans.  Among  2233  female  and  2159  male  participants, 
there  were  no  differences  in  birth  weight  of  infants  born  to 
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Gulf  War  veterans  compared  with  nondeployed  Gulf  War 
era  veterans.  In  multivariable  models,  male  and  female  Gulf 
War  veterans  did  not  significantly  differ  in  risk  for  ectopic 
pregnancies,  stillbirths,  or  miscarriages  when  compared  with 
nondeployed  veterans  of  the  same  era.  Conclusions :  These 
results  do  not  suggest  an  association  between  service  in 
the  1991  Gulf  War  and  adverse  reproductive  outcomes  for 
both  male  and  female  veterans  during  the  4  years  after 
the  war. 

Keywords  Gulf  War  •  Reproductive  outcomes  •  Birth 
weight  •  Military 

Background 

Since  returning  from  the  1991  Gulf  War,  many  veterans  have 
reported  diverse  health  problems  they  attribute  to  war  expo¬ 
sures  [1-4].  In  response,  numerous  studies  have  described 
self-reported  symptoms  [5-12],  hospitalizations  [13-18], 
mortality  [19-22],  and  specific  wartime  exposures  [18,  23- 
26]  in  1991  Gulf  War  veterans  (GW Vs).  Due  to  at  least  21  re¬ 
productive  hazards  known  to  be  present  in  the  Gulf  War  the¬ 
ater  [27],  veterans  have  also  voiced  concerns  regarding  their 
postwar  reproductive  health  [28,  29]  and,  more  specifically, 
about  having  children  with  birth  defects  [4] .  Several  epidemi¬ 
ological  studies  have  been  conducted  to  evaluate  birth  defects 
among  children  born  to  GWVs  and  their  spouses  [30-34], 
but  currently,  only  a  few  studies  have  specifically  evaluated 
infertility  [35-37]  or  pregnancy  outcomes  of  veterans  after 
returning  from  the  Gulf  War  [27,  38-40].  Results  remain  in¬ 
consistent  when  assessing  the  relationship  between  service 
in  the  1991  Gulf  War  and  adverse  reproductive  outcomes, 
and  anecdotal  reports  persist  suggesting  some  veterans  may 
be  at  increased  risk  of  reduced  fertility,  miscarriages,  and 


S  Springer 


502 


Matern  Child  Health  J  (2006)  10:501-510 


genitourinary  tract  conditions  [28].  The  goal  of  this  study 
was  to  utilize  self-reported  reproductive  histories  from  both 
male  and  female  GW  Vs  and  nondeploy  ed  veterans  (NDVs) 
of  the  same  era  to  assess  the  association  between  Gulf  War 
service  and  adverse  reproductive  outcomes. 

Methods 

Study  population 

Demographic,  military  status,  and  Gulf  War  deployment  sta¬ 
tus  data  for  service  members  were  obtained  from  the  Defense 
Manpower  Data  Center  (DMDC),  Seaside,  California,  with 
missing  information  for  age,  race/ethnicity,  and  education 
backfilled  using  data  from  the  survey.  A  GWV  was  consid¬ 
ered  an  active  duty,  US  Reserve,  or  National  Guard  mili¬ 
tary  service  member,  between  18  and  33  years  of  age,  who 
was  assigned  to  the  Gulf  War  theater  of  operations  between 
August  1,  1990,  and  July  31,  1991.  The  theater  of  opera¬ 
tions  is  the  geographic  area  in  which  military  operations  are 
conducted;  for  the  Gulf  War,  the  theater  included  areas  of 
Southwest  Asia  such  as  Iraq,  Kuwait,  the  Persian  Gulf,  Ara¬ 
bian  Sea,  and  airspace  above  these  locations  [41].  Military 
service  members  of  the  same  era  but  not  deployed  to  the 
Gulf  War  theater  during  the  period  August  1,  1990,  to  July 
31,  1991  were  defined  as  NDVs.  Approximately  2.5  million 
male  and  377,000  female  active  duty,  Reserve,  and  National 
Guard  service  members  were  on  the  rosters  in  1991,  with 
approximately  644,000  men  and  50,000  women  deployed 
to  the  Gulf  War  theater  of  operations.  To  maximize  repro¬ 
ductive  activity,  we  included  as  potential  study  participants 
only  married  veterans  who,  according  to  DMDC,  were  mar¬ 
ried  as  of  January  1,  1991  and  still  married  in  February, 
1995,  and  were  veterans  between  18  and  33  years  of  age  as 
of  January  1,  1991.  We  assumed  those  who  were  married 
in  1991  and  1995  had  been  married  to  the  same  individual 
during  that  period,  and  all  conceptions  were  with  the  same 
partner. 

A  sample  size  requirement  of  16,000  was  determined 
based  on  detecting  a  10  percent  difference  in  rates  of  mis¬ 
carriages  between  GWVs  and  NDVs.  The  population  rate 
for  miscarriages  was  estimated  at  10%,  based  on  published 
data  [12-14].  From  GWV  and  NDV  populations,  a  strat¬ 
ified  random  sample  with  equal-size  sampling  by  gender, 
with  proportionate  allocation  of  service  (US  Army,  Navy, 
Air  Force,  and  Marine  Corps)  and  component  (active  duty, 
Reserve,  and  National  Guard)  was  generated.  To  allow  for 
losses  and  oversampling  of  women,  10,000  men  and  10,000 
women  were  initially  selected  for  study  participation. 

This  study  was  conducted  in  accordance  with  the  pro¬ 
tection  of  human  subjects  guidelines  of  the  US  Department 
of  the  Navy  and  approved  by  the  Naval  Health  Research 


Center  Institutional  Review  Board  as  NHRC  Protocol  Num¬ 
ber  30276. 

Questionnaire 

A  four-page,  self-completed  postal  questionnaire  composed 
of  multiple-choice  and  open-ended  questions  was  developed. 
The  questionnaire  sought  demographic  data  (race/ethnicity 
and  educational  attainment),  information  on  military  com¬ 
ponent  and  deployment  status,  and  reproductive  outcomes 
such  as  live  births,  birth  weight,  ectopic  pregnancies,  mis¬ 
carriages/spontaneous  abortions,  and  stillbirths.  Standard¬ 
ized  survey  instruments  were  used  in  the  questionnaire  for 
comparability.  Sources  included  the  Chicago  Reproductive 
Health  Survey  (National  Institute  of  Environmental  Health 
Sciences,  Research  Triangle  Park,  NC,  1991),  the  National 
Survey  on  Family  Growth,  Cycle  IV  [42],  and  the  Na¬ 
tional  Maternal  and  Infant  Health  Survey  [43].  Miscar¬ 
riages/spontaneous  abortions  were  defined  as  fetal  deaths 
occurring  before  22  weeks  gestation,  while  stillbirths  were 
defined  as  fetal  deaths  occurring  after  22  weeks  gestation. 
Low  birth  weight  (LBW)  was  defined  as  a  live  birth  weigh¬ 
ing  <2500  g,  and  a  macrosomic  birth  was  defined  as  a  birth 
weight  >  4000  g.  Information  on  birth  weight,  gestational 
age,  and  infant’s  gender  was  sought  for  each  live  birth.  Re¬ 
spondents  completed  separate  entries  for  each  outcome  of  a 
multiple  birth. 

Data  collection 

Questionnaire  mailing  process 

The  target  sample  of  20,000  initial  subjects  was  mailed  a  pre¬ 
liminary  study  notification  letter  in  February  1996.  Follow¬ 
ing  a  modified  Dillman  method  [44],  three  rounds  of  ques¬ 
tionnaires  with  reminder  postcards  were  mailed  over  the  next 
1 8  months.  Each  mailing  targeted  individuals  who  had  not  re¬ 
sponded  to  previous  questionnaire  mailings  within  the  last  6 
months.  Study  letterheads  and  logos  were  used  on  envelopes 
to  distinguish  study  mailings.  For  potential  participants  on 
active  duty,  questionnaires  were  routed  through  commanding 
officers.  For  commanding  officer  attention,  we  attached  let¬ 
ters  from  each  service’s  surgeon  general,  stressing  the  study’s 
importance  and  requesting  support.  For  those  no  longer  on 
active  duty,  cover  letters  with  favorable  comments  from  re¬ 
spondents  about  their  perception  of  the  study’s  significance 
and  value  were  included.  Addresses  from  DMDC  were  used 
for  initial  mailings.  If  questionnaires  were  returned  as  un¬ 
deliverable,  additional  sources  were  used  to  identify  valid 
current  addresses,  including  military  locator  services,  the 
Internal  Revenue  Service,  and  a  commercial  locator  agency. 

After  the  final  mailing,  1042  male  and  633  female  par¬ 
ticipants  were  contacted  by  telephone  to  complete  missing 
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information  from  submitted  questionnaires.  Five  attempts 
to  establish  telephone  contact  were  made,  between  9  am 
and  5  pm  in  the  individual’s  time  zone,  before  being  classi¬ 
fied  as  “unreachable.”  Missing  data  were  obtained  for  66% 
(687/1042)  of  male  and  66%  (418/633)  of  female  partici¬ 
pants.  Data  could  not  be  obtained  from  the  remaining  570 
individuals,  including  65  women  and  107  men  who  refused 
to  provide  information  on  missing  data  over  the  telephone,  or 
could  not  be  interviewed  at  an  apparently  correct  telephone 
number. 

Statistical  analysis 

After  descriptive  investigation  of  population  characteristics, 
analyses  were  performed  to  assess  the  significance  of  associ¬ 
ations  between  the  odds  of  reporting  any  pregnancy  and  Gulf 
War  status,  and  in  a  separate  model,  the  odds  of  reporting 
any  adverse  pregnancy  outcome  and  Gulf  War  status.  Both 
models  were  stratified  by  gender,  and  adjusted  for  prior  ad¬ 
verse  reproductive  outcome,  age,  race/ethnicity,  educational 
level,  rank,  service,  component,  and  occupation.  Logistic 
regression  modeling  was  employed  to  compare  adverse  re¬ 
productive  outcomes  among  GW  Vs  and  NDVs,  and  stratified 
by  gender.  Analyses  of  adverse  reproductive  outcomes  were 
limited  to  female  and  male  respondents  who  reported  a  live 
birth,  miscarriage,  stillbirth,  or  ectopic  pregnancy.  Single- 
ton  and  multiple  birth  outcomes  were  analyzed  separately. 
Odds  ratios  were  adjusted  for  mother’s  age  as  of  July  31, 
1991  (ages  17-24,  25-29,  or  >  30),  service  branch  (Army, 
Navy,  Air  Force,  or  Marine  Corps),  race/ethnicity  (White 
non-Hispanic,  Black  non-Hispanic,  or  other),  highest  level  of 
education  attained  (high  school  or  less,  some  college,  post¬ 
graduate,  or  unknown),  occupation  (combat  or  other),  and 
pre-1991  reproductive  outcomes.  As  in  previous  studies  [13, 
15, 16, 23, 25, 26, 45],  a  pre-deployment  indicator  for  adverse 
reproductive  outcomes  was  created.  Predeployment  adverse 
outcomes  included  any  miscarriage,  ectopic  pregnancy,  or 
stillbirth  as  reported  on  the  questionnaire,  or  hospitalization 
for  any  condition  listed  under  the  category  of  Complications 
of  Pregnancy,  Childbirth,  and  the  Puerperium  (International 
Classification  of  Diseases,  9th  Revision,  Clinical  Modifica¬ 
tion,  codes  630-676)  as  recorded  at  Department  of  Defense 
(DoD)  medical  facilities  between  August  1,  1989,  and  July 
31,  1990.  Generalized  estimating  equations  were  used  to 
study  the  effect  produced  by  correlated  adverse  reproduc¬ 
tive  outcomes  from  the  same  respondent  on  multivariable 
estimates  [46].  Estimates  produced  using  GEEs  were  not  ap¬ 
preciably  different  from  those  produced  using  multivariable 
logistic  regression.  For  this  reason,  we  utilized  multivariable 
logistic  regression  models  to  calculate  adjusted  estimates  for 
all  self-reported  adverse  reproductive  outcomes  occurring 
during  the  study  period,  January  1,  1991,  to  December  31, 
1995.  A11  statistical  analyses  were  conducted  using  SAS® 


software  (Version  9.1,  SAS  Institute,  Inc.,  Cary,  North  Car¬ 
olina)  [47]. 


Results 

Of  the  20,000  individuals  originally  selected  for  participa¬ 
tion,  17,140  with  valid  addresses  were  contacted,  and  8742 
responded  (51.0%).  Mean  duration  of  deployment  did  not 
differ  significantly  between  GWV  respondents  and  GWV 
nonresponders  (mean,  155.0  days;  standard  deviation  [SD], 
73.9  days  and  mean,  155.0  days;  SD,  71.3  days,  respec¬ 
tively).  Descriptive  analyses  for  GW  Vs  show  that  respon¬ 
ders  were  significantly  older,  proportionately  more  white, 
non-Hispanic,  college  educated,  officers,  and  members  of 
the  Navy  or  Air  Force.  While  results  for  8567  NDVs 
were  generally  similar  to  those  for  GWVs,  NDV  respon¬ 
ders  were  significantly  more  likely  to  be  women  and  mem¬ 
bers  of  the  active  duty  force  rather  than  Guard  or  Reserve 
(Table  1).  Although  response  among  GWVs  was  not  influ¬ 
enced  by  presence  of  adverse  reproductive  outcomes  prior 
to  the  Gulf  War  (p  =  0.340),  NDV  response  appears  to  have 
been  influenced  by  previous  adverse  reproductive  outcomes 
(p  =  0.023). 

Multivariable  logistic  regression  (n  =  8734;  99.9%  com¬ 
plete)  was  used  to  calculate  adjusted  odds  ratios  for  any  preg¬ 
nancy  stratified  by  gender,  adjusting  simultaneously  for  Gulf 
War  status,  prior  adverse  pregnancy  outcome,  mother’s  age, 
race/ethnicity,  education  level,  rank,  service  branch,  compo¬ 
nent,  and  occupation  (Table  2).  There  were  no  differences  in 
the  number  of  self-reported  pregnancies  between  the  GWV 
and  NDV  groups  for  both  male  and  female  respondents  (ad¬ 
justed  odds  ratio  [OR],  1.00;  95%  confidence  interval  [Cl], 
0.88-1.14  and  adjusted  OR,  0.92;  95%  Cl,  0.81-1.06,  re¬ 
spectively).  Among  male  respondents,  the  odds  of  report¬ 
ing  any  pregnancy  was  significantly  higher  for  those  who 
had  a  prior  adverse  pregnancy  outcome,  were  officers  or 
warrant  officers,  as  well  as  members  of  the  Navy  and  Ma¬ 
rine  Corps.  Similarly,  women  were  at  significantly  higher 
odds  for  any  pregnancy  when  they  reported  a  prior  adverse 
pregnancy  outcome,  or  were  officers  or  warrant  officers.  As 
expected,  men  and  women  in  the  highest  age  group,  30 
years  and  older,  were  significantly  less  likely  to  report  a 
pregnancy  than  were  men  and  women  in  the  youngest  age 
group. 

The  subset  of  2159  men  and  2233  women  who  had 
reported  one  or  more  pregnancies  were  further  analyzed 
(Table  3).  The  percentage  of  men  and  women  reporting  any 
adverse  pregnancy  outcomes  was  similar  (16.4%  and  18.6%, 
respectively)  and  there  were  no  differences  in  risk  for  any  ad¬ 
verse  pregnancy  outcome  based  on  Gulf  War  status  for  men 
(adjusted  OR,  1.23;  95%  Cl,  0.96-1.56)  or  women  (adjusted 
OR,  1.16;  95%  Cl,  0.91-1.48)  after  adjusting  for  gender, 
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Table  1  Characteristics  of  8  742  responders  and  8  398  nonresponders,  adverse  reproductive  outcomes  among  Gulf  War  veterans  and  nondeployed 
veterans,  1991-1995 


Gulf  War  Veteran 

Nondeployed  Veteran 

Responder  na  (%) 

Nonresponder  na 

(%)  P  valueb 

Responder  na  (%) 

Nonresponder  na 

(%)  P  valueb 

Gender 

Male 

22)09  (49 

22)45  (50 

GD33 

2^01(49 

22)52(50 

.-001 

Female 

29)38  (51 

3081(48 

231)94  (53 

19)20(46 

Age  group,  yc 

<24 

125)99  (45 

18)97  (54 

.-ooa 

12)07  (45 

38)87  (54 

.-6GCL 

25-29 

15654(52 

114)70(47 

16)27  (52 

1^69(47 

>30 

1(^92(55 

M)59(45 

37561  (56 

33016(43 

Race/ethnicity 

White,  non-Hispanic 

2964(55 

23)83(44 

.-eoa 

34)09  (55 

2^)59(44 

.-001 

Black,  non-Hispanic 

14)28  (41 

161)53  (58 

25)7(39 

in>io(60 

Other 

35)2(47 

3S4(52 

312)9(47 

39)0(52 

Highest  educational  level 

High  school,  or  less 

25)47  (47 

28)18  (52 

.-6GCL 

23)35  (47 

257)99(52 

rOOfi 

College/postgraduate 

Rank 

351)03  (61 

(2)0(38 

19)62(59 

111)12(40 

Enlisted 

39765  (48 

31^11(51 

.fioa 

33)93  (49 

377)95(50 

rooa 

Officer/Warrant 

5^)2(67 

28)5(32 

71)2(65 

397)7(34 

Service  branch 

Army 

25)56(47 

2^07(52 

.-ooa 

12)75  (43 

18)13(56 

reoa 

Navy 

8110  (53 

39)4(46 

142)94  (55 

M)40  (44 

Air  Force 

24)0(60 

427)7  (39 

1954(55 

19)29(44 

Marine  Corps 

Service  component 

44)1  (50 

42)8(49 

247)2(48 

2^0(51 

Active  duty 

30)09(51 

35)57  (49 

0137 

4^27(51 

39*35(48 

.-00a 

Guard/Reserve 

0®)8(48 

63)9(51 

35^8  (41 

255)7  (58 

Occupational  codes 

Other  than  combat 

387)36(50 

32)15  (49 

0594 

388)35(51 

32)71(48 

0025 

Combat 

6S)  1  (50 

61)1  (50 

52)0(48 

(8)1  (51 

Pre-Gulf  War  adverse  pregnancy 

outcome 

Yes 

167(53 

161)6(46 

CB40 

24)3  (56 

3486(43 

0023 

No 

49)80(50 

44)80(49 

40052(51 

39)86(49 

frequency  of  missing  values:  (1)  Responders;  age  = 

2,  race/ethnicity  = 

3,  education  = 

895;  (2)  Nonresponders;  race/ethnicity 

=  9,  education 

=  979 


bTests  of  statistical  significance  were  based  on  two-tailed  Person  chi-square  test 
c Maternal  age 


mother’s  age,  race/ethnicity,  education,  rank,  service  branch, 
component,  and  occupation.  Among  men,  members  of  the 
Navy  and  Air  Force  were  significantly  less  likely  to  have  any 
adverse  reproductive  outcome,  compared  with  members  of 
the  Army,  while  among  women,  black,  non-Hispanics  were 
at  significantly  increased  risk  for  any  adverse  reproductive 
outcome  in  comparison  with  white,  non-Hispanics  (adjusted 
OR,  1.45;  95%  Cl,  1.13-1.86). 

Women  reported  a  total  of 470  reproductive  losses.  Thirty- 
four  (2  stillbirths,  6  ectopic  pregnancies,  and  26  miscar¬ 
riages)  were  identified  as  multiple  events.  Similarly,  men 
reported  a  total  of  397  reproductive  losses,  with  32  being 
repetitive  events  (5  stillbirths,  8  ectopic  pregnancies,  and  19 
miscarriages).  In  separate  multivariable  logistic  regression 


models  that  calculated  the  adjusted  odds  based  upon  multi¬ 
ple,  correlated  outcomes,  male  and  female  GW  Vs  were  not 
at  significantly  increased  odds  for  miscarriages,  stillbirths, 
or  ectopic  pregnancies  (Table  4).  Nor  were  male  and  fe¬ 
male  GWVs  at  significantly  increased  odds  for  outcomes 
associated  with  birth  weight  (Table  5).  All  models  were  ad¬ 
justed  for  prior  adverse  pregnancy  outcome,  mother’s  age, 
race/ethnicity,  education  level,  rank,  service  branch,  compo¬ 
nent,  and  occupation. 

Female  respondents  reported  36  twin  births  (13.3/1000 
live  births)  and  male  respondents  reported  21  twin  births 
(8.8/1000  live  births)  post- Gulf  War.  The  differences  in  twin 
births  for  male  and  female  respondents  were  not  statistically 
significant  ( p  =  0.07).  No  triplet  or  higher-order  births  were 


S  Springer 


Matem  Child  Health  J  (2006)  10:501-510 


505 


Table  2  Multivariable  logistic  regression  of  veterans  reporting  and  not  reporting  pregnancy,  by  gender,  1991-1995 


Men 

Any  reported  contribution  to  pregnancy? 


Yes  n  (%) 


No  n  (%) 


ORa  (95%  Cl) 


Women 

Any  reported  pregnancy? 
Yes  n  (%)  No  n  (%) 


ORa  (95%  Cl) 


Gulf  War  status 
Gulf  War  veteran 
Nondeploy  ed  veteran1* 

Prior  adverse  pregnancy  outcome 
Yes 
No* 

Age  group,  yc 
<  24b 
25-29 
>30 

Race/ethnicity 

Black,  non-Hispanic 
Other 

White,  non-Hi spanicb 
Highest  educational  level 
College/postgraduate 
High  school  or  lessb 
Rank 
Officer 
Enlistedb 
Service  branch 
Navy 
Air  Force 
Marine  Corps 
Armyb 

Service  component 
Active  duty 
Guard/Reserveb 
Occupational  codes 
Combat 

Other  than  combatb 


12)83(50 

19021  (49 

18)76  (49 

11^25  (50 

9©)  (4 

1000 

21)66(95 

23)45  (100 

715)8  (35 

52)1  (23 

890(41 

M 8(34 

5701  (23 

92)7(42 

295  (13 

390(17 

11)5(8 

177)2  {1 

12)89(78 

10)84  (75 

72)4(34 

7!)0(35 

11)05  (65 

18)56(64 

38)3(15 

2ffi(ll 

16)26  (84 

1985 (88 

620(28 

66)0(27 

53)2(27 

62)2(27 

23)1  (13 

23)4  (10 

®7)6(31 

71)0(34 

22)34(94 

21514(94 

18)5  (5 

19)2(5 

55)9(24 

41)9(20 

15)30(75 

16087(79 

1.00(0.88,1.14)  19)70(47 

111)63  (52 


112.05  (15.56,806.95)  32)2(14 


16)1 1  (85 

9t)3  (40 

0.73  (0.62,0.85) 

87)5  (38 

0.33  (0.28,0.39) 

47)5  (20 

0.85  (0.71,1.01) 

5B)7  (24 

1.14(0.91,1.44) 

12)4(8 

15)12(67 

1.01  (0.85,1.20) 

967)4(43 

14)59(56 

1.63  (1.30,2.04) 

33)7  (17 
17)46(82 

1.18  (1.00,1.39) 

41)6(20 

1.16(0.97,1.38) 

617)1  (30 

1.30(1.05,1.61) 

16)5  (5 
99)1  (43 

0.90  (0.68,1.19) 

19196(89 
25)7  (10 

1.14  (0.98,1.33) 

912)  (4 
29)41  (95 

18)65  (50 
12)31(49 

0.92  (0.81,1.06) 

19)6(7 

19)30(92 

2.05  (1.67,2.51) 

512)5(25 

18)1  (35 
82)4(39 

0.60  (0.51,0.70) 
0.29  (0.24,0.34) 

57)2(26 

11)9(7 

1B)85  (66 

0.98  (0.84,1.14) 
1.20  (0.94,1.52) 

99)8(47 

M)98  (52 

1.07  (0.91,1.26) 

28)3(14 

357)93  (85 

1.67(1.36,2.03) 

4t)6(19 

69)9(29 

83)  (4 

9$)8  (47 

1.09  (0.91,1.31) 
1.00  (0.85,1.17) 
1.28  (0.94,1.74) 

357)91  (85 

3$)5  (14 

1.21  (0.98,1.49) 

99)  (4 

21)05  (95 

0.81  (0.59,1.10) 

a Adjusted  odds  ratio  and  95%  confidence  interval 
b  Reference  group 
c Maternal  age 


reported,  and  there  was  no  statistically  significant  associa¬ 
tion  between  Gulf  War  deployment  and  twin/multiple  births 
(females:  OR,  0.89,  95%  Cl,  0.54-1.47;  males:  OR,  0.85, 
95%  Cl,  0.47-1.55)  (data  not  shown). 

Discussion 

During  the  four  years  after  the  war,  we  found  no  evidence 
that  male  or  female  GWVs  were  at  significantly  increased 
odds  for  adverse  reproductive  outcomes.  We  also  observed 
no  statistically  significant  differences  in  birth  weight  of  in¬ 
fants  born  to  GWVs  and  NDVs.  Finding  no  statistically  sig¬ 
nificant  increased  odds  for  miscarriages  among  male  GWVs 
contrasts  with  previous  papers  reporting  modest  but  statisti¬ 
cally  significant  increased  risk  for  miscarriages  among  this 


group  [38,  48],  as  well  as  men  serving  in  Vietnam  [49]. 
Additionally,  we  found  no  evidence  to  support  a  1999  re¬ 
port  that  male  service  members  fathered  pregnancies  that 
more  often  resulted  in  miscarriage  [50].  Finding  no  in¬ 
creased  risk  for  adverse  reproductive  outcomes  among  fe¬ 
male  GWVs  is  consistent  with  other  population-based  stud¬ 
ies  of  Gulf  War  service  members  from  the  United  States 
and  the  United  Kingdom  [38,  48].  Increased  risk  for  mis¬ 
carriage  and  ectopic  pregnancy  among  female  GWVs  has 
been  reported  in  one  study  that  used  a  small,  hospital-based 
cohort  [39]. 

In  multivariable  modeling,  age  was  not  significantly  as¬ 
sociated  with  adverse  reproductive  outcomes  for  men  or 
women;  however,  black,  non-Hispanic  women  were  signifi¬ 
cantly  associated  with  increased  odds  for  an  adverse  repro¬ 
ductive  outcome  in  comparison  with  white,  non-Hispanic 
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Table  3  Multivariable  logistic  regression  of  veterans  reporting  and  not  reporting  adverse  pregnancy  outcomes,  1991-1995 


Men  Women 

Any  reported  adverse  pregnancy  outcome?  Any  reported  adverse  pregnancy  outcome? 


Yes  n  (%) 

No  n  (%) 

ORa  (95%  Cl) 

Yes  n  (%) 

No  n  (%) 

ORa  (95%  Cl) 

Gulf  War  status 

Gulf  War  veteran 

19(7(55 

8^)6  (49 

1.23  (0.96,1.56) 

2^8(52 

8^2(46 

1.16(0.91,1.48) 

Nondeploy  ed  veteranb 

Prior  adverse  pregnancy  outcome 

M5)7  (44 

9009(50 

16)8  (47 

91^5(53 

Yes 

187)  (4 

29(4 

1.12(0.65,1.93) 

620(14 

2^0(14 

1.03  (0.76,1.40) 

Nob 

Age  group,  yc 

33)7(95 

18029(95 

35)4(85 

17)57  (85 

<  24b 

181)6(32 

6S&2(35 

17)5  (39 

26)8(40 

25-29 

151)7  (41 

2203(41 

1.13  (0.85,1.49) 

154(37 

7®1  (39 

0.99  (0.77,1.28) 

>30 

970(25 

<m(23 

1.23  (0.89,1.70) 

937)  (23 

338(20 

1.22  (0.90,1.66) 

Race/ethnicity 

Black,  non-Hispanic 

53(15 

23)9(13 

1.12(0.81,1.55) 

133)0(31 

41)7(22 

1.45  (1.13,1.86) 

Other 

mi 

1309(8 

0.89  (0.57,1.38) 

280(5 

130(8 

0.70  (0.44,1.09) 

White,  non-Hi spanicb 

Highest  educational  level 

28^2(76 

15017(78 

2392(63 

1350(68 

College/postgraduate 

1(2)4(35 

®)0(34 

1.05  (0.76,1.46) 

135(44 

7^9(43 

1.12(0.85,1.49) 

High  school  or  lessb 

13)0(65 

11075  (65 

231  (55 

M)28  (56 

Rank 

Officer 

53(15 

2*5(7(15 

0.99  (0.66,1.49) 

3^(13 

312)9(18 

0.71  (0.50,1.01) 

Enlistedb 

229)8(84 

15)28  (84 

35)8  (86 

19088(81 

Service  branch 

Navy 

SB)  (24 

S)2(29 

0.69  (0.50,0.93) 

83(20 

347)0  (20 

1.06  (0.78,1.44) 

Air  Force 

8^(23 

51)0(27 

0.68  (0.49,0.93) 

191)2(26 

539(30 

0.91  (0.68,1.21) 

Marine  Corps 

510(14 

23)0(12 

0.92  (0.64,1.33) 

19(4 

136(5 

0.78  (0.46,1.31) 

Armyb 

Service  component 

16)3(37 

5103(30 

139(47 

7^)2  (43 

Active  duty 

365)5  (94 

1B99  (94 

1.35  (0.79,2.33) 

331  (86 

10)35  (90 

0.82  (0.57,1.18) 

Guard/Reserveb 

Occupational  codes 

M)(5 

19)6(5 

m  13 

1052(10 

Combat 

83(24 

4#t(24 

0.89  (0.67,1.17) 

MO  (3 

23(4 

0.88  (0.49,1.60) 

Other  than  combatb 

2$9(76 

*961(75 

416)2(96 

177)39  (95 

a Adjusted  odds  ratio  and  95%  confidence  interval 
b  Reference  group 
c Maternal  age 


Table  4  Multivariable  logistic 
regression  of  adverse  pregnancy 
outcomes  for  male  and  female 

Adverse  pregnancy  outcome 

Miscarriage 

Stillbirth 

Ectopic  pregnancy 

Gulf  War  veterans  and 

n 

ORa  (95%  Cl) 

n 

ORa  (95%  Cl) 

n 

ORa  (95%  Cl) 

nondeploy  ed  veterans, 

1991-1995 

Men 

Gulf  War  veteran 

176 

1.24  (0.96,  1.61) 

14 

0.96  (0.40,  2.31) 

27 

1.09  (0.58,2.04) 

Nondeployed  veteranb 

143 

12 

25 

aReference  group 

b  Adjusted  odds  ratio  and  95% 
confidence  interval 

Women 

Gulf  War  veteran 
Nondeployed  veteranb 

191 

185 

1.14  (0.87,  1.48) 

14 

8 

1.58  (0.63,3.95) 

38 

34 

0.99  (0.58,  1.67) 

women.  This  finding  has  been  thoroughly  documented  in 
the  US  civilian  population  [51-53],  and  because  we  assume 
equal  access  to  prenatal  care  among  all  active  duty  fami¬ 
lies,  the  observed  modest  association  (adjusted  OR,  1.45; 
95%  Cl,  1.13-1.86),  may  reflect  other  pregnancy-related 


differences  between  black  non-Hispanic  women  and  white 
non-Hispanic  women  of  approximately  equal  reproductive 
age,  such  as  differences  in  obesity,  hypertension,  and  dia¬ 
betes  [53-57].  A  previous  study  utilized  adult,  married  mili¬ 
tary  members  living  in  Hawaii  and  birth  records  to  examine 
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Table  5  Multivariable  logistic 
regression  of  birth  weight  of 
infants  born  to  male  and  female 

Birth  weight 

Microsomica 

Normal 

Macro  somicb 

Gulf  War  veterans  and 

n 

ORc  (95%  Cl) 

n 

ORc  (95%  Cl) 

n 

ORc  (95%  Cl) 

nondeployed  veterans, 

1991-1995 

Men 

Gulf  War  veteran 

73 

1.21  (0.81,  1.82) 

988 

0.95  (0.79,  1.15) 

158 

0.91  (0.70,  1.19) 

Nondeployed  veterand 

58 

996 

175 

Women 

Gulf  War  veteran 

83 

1.10(0.71,  1.70) 

1027 

0.89  (0.73,  1.09) 

139 

1.09  (0.81,  1.46) 

Nondeployed  veterand 

70 

1138 

166 

aMicrosomic  births  are  <2500  g 
bMacrosomic  births  are  >  4000  g 
c  Adjusted  odds  ratio  and  95%  confidence  interval 
dReference  group 


race/ethnicity  differences  in  pregnancy  outcomes  [58].  After 
adjusting  for  available  socioeconomic  characteristics,  black 
women  remained  at  risk  of  delivering  a  low  birthweight  in¬ 
fant  in  comparison  to  white  women.  Further  studies  to  ex¬ 
plore  differences  in  reproductive  outcomes  among  various 
races  and  ethnic  groups  within  members  of  the  US  mili¬ 
tary,  who  theoretically  have  equal  access  to  prenatal  care, 
remain  of  value  to  understand  fundamental  relationships  be¬ 
tween  race/ethnicity  and  adverse  reproductive  outcomes.  The 
DoD  Center  for  Deployment  Health  Research  has  several 
on-going  efforts  that  may  provide  further  insight  into  ad¬ 
verse  reproductive  outcomes  including  the  Millennium  Co¬ 
hort  Study  [59]  and  the  DoD  Birth  and  Infant  Health  Registry 
[60]. 

Consistent  with  findings  from  Vietnam-era  veterans  [61], 
results  from  our  analyses  of  singleton  live  births  found  no 
evidence  to  suggest  GWVs  are  at  increased  risk  for  having 
abnormal  birth  weight  infants.  According  to  the  Centers  for 
Disease  Control  and  Prevention,  7.1%  of  all  births  occurring 
in  1991  met  the  definition  for  LBW  (<2500  g),  increasing 
slightly  to  7.3%  by  1995  [62].  In  our  study,  male  NDVs  re¬ 
ported  5%  of  births  met  the  LBW  definition,  which  meets  the 
Healthy  People  2010  goal  of  5%  [63].  Male  GWVs  reported 
6.4%  of  births  meeting  the  definition  of  LBW;  although  this 
is  the  highest  of  the  four  groups  in  this  study,  it  still  falls 
below  the  1995  national  average  of  7.3%  noted  above.  Find¬ 
ing  a  lower  than  expected  number  of  low-weight  births  may 
reflect  increased  availability  of  prenatal  care  for  US  military 
personnel  and  their  families,  or  more  likely  reflects  a  health¬ 
ier  and  younger  population  than  the  entire  US  population  of 
mothers  giving  birth. 

We  observed  rates  for  twins  above  those  nationally  re¬ 
ported.  According  to  the  National  Center  for  Health  Statis¬ 
tics,  twin  births  rose  11%  during  the  1990s  and  42%  be¬ 
tween  1980  and  1997,  with  substantial  increases  in  mothers 
who  were  45-49  years  of  age,  and  reported  to  be  100  times 
more  likely  to  give  birth  to  twins  than  were  teenage  mothers 


[64] .  Additionally,  during  this  period,  the  differences  in  twin 
birth  rates  between  white  and  black  non-Hispanic  women 
declined.  During  1980,  twins  represented  18.1  and  24.0  per 
1,000  live  births,  respectively  and  28.8  and  30.0  per  1,000 
respectively  in  1997.  The  trend  for  increased  rate  of  twin 
pregnancies  was  noted  to  parallel  national  trends  for  older 
age  at  childbirth  and  increased  use  of  fertility-enhancing 
drugs.  It  is  likely  that  any  observed  differences  in  twin  births 
between  our  study  and  national  rates  are  due  to  either  demo¬ 
graphic  differences  in  age,  race/ethnicity,  or  differences  in 
the  use  of  fertility-enhancing  drugs. 

This  study  had  a  number  of  strengths.  We  believe  this 
is  the  first  study  of  1991  Gulf  War  veterans  to  report  in¬ 
fant  birthweight  analyses,  and  finding  no  significant  differ¬ 
ences  with  the  general  population  is  comforting.  Although 
response  bias  is  always  a  concern  when  using  self-reported 
data,  it  appears  to  be  minimal  in  that  approximately  equal 
numbers  of  GWVs  and  NDVs  that  were  representative  of  the 
sampling  population  completed  the  postal  questionnaire.  To 
our  knowledge,  this  study  contains  one  of  the  largest  sam¬ 
ples  of  female  GWVs.  A  total  of  4332  women  participated 
in  the  study,  of  which  2135  GWV  women  with  1070  preg¬ 
nancies  were  used  in  the  multivariable  analyses.  Finally,  a 
robust  analytic  method  was  employed  that  utilized  all  avail¬ 
able  pregnancies,  and  measures  were  taken  to  ensure  the 
correlation  between  multiple  outcomes  from  the  same  par¬ 
ticipant  were  assessed.  This  allowed  each  pregnancy  to  con¬ 
tribute  to  study  findings,  yet  overcame  challenges  due  to  the 
statistical  correlations  between  multiple  pregnancies  among 
respondents. 

Study  findings  must  be  interpreted  within  the  context  of 
possible  limitations  inherent  when  analyzing  self-reported 
adverse  reproductive  outcomes.  Recall  bias  may  adversely 
affect  any  study  that  utilizes  self-reported  information  and 
generally  causes  risk  estimates  to  be  inflated.  However, 
because  we  observed  no  statistically  significantly  positive 
associations,  the  probability  of  significant  recall  bias 
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Table  6  Race  and  ethnicity 
distribution  comparison  of  all 
deployed  and  nondeploy ed  US 
service  members  compared  to 
deployed  and  nondeployed 
participants  of  adverse 
reproductive  outcomes  study 


Gulf  War  Cohort 

Study  Cohort 

Deployed  (%) 

Nondeployed  (%) 

Deployed  (%) 

Nondeployed  (%) 

White 

IS) 

72 

08 

75 

Black 

22 

211 

2 B 

127 

Other 

0 

61 

81 

5 

influencing  study  findings  is  low.  Poor  response  may  cause 
study  participants  to  be  dissimilar  in  comparison  with  the 
population  of  interest.  For  both  GWVs  and  NDVs,  respon¬ 
ders  tended  to  be  older,  thus  we  would  expect  to  observe 
proportionately  more  adverse  pregnancy  outcomes  in  our 
responders  due  to  age  differences.  We  would  also  anticipate 
that  the  differential  response  observed  for  previous  adverse 
pregnancy  outcomes  among  NDVs  would  likely  contribute 
to  reduce  any  true  effect  associated  with  Gulf  War  service. 
Conversely,  GWV  and  NDV  responders  tended  to  be  white 
non-Hispanic  while  GWV  and  NDV  non-responders  were 
more  likely  to  be  black  non-Hispanic,  which  would  likely 
reduce  the  proportion  of  adverse  outcomes  in  the  participants 
verses  non-participants.  However,  when  we  compared  the 
proportional  distribution  of  race/ethnicity  by  Gulf  War  ser¬ 
vice  status  to  published  data  [65],  we  were  quite  comparable 
(Table  6).  It  is  difficult  to  predict  how  these  differences  in 
response  may  have  ultimately  affected  study  findings.  Self- 
reported  adverse  pregnancy  outcomes  were  not  confirmed  by 
medical  records  review,  thus  we  were  unable  to  assess  differ¬ 
ential  reporting  between  GWVs  and  NDVs.  Both  male  and 
female  GWVs  were  at  non-statistically  significant  increased 
odds  for  any  adverse  reproductive  outcome  indicating  a 
potential  for  reporting  or  recall  bias.  However,  the  magni¬ 
tude  of  these  positive  findings  is  minimal  indicating  that 
any  bias  attributable  to  either  reporting  or  recall  differences 
between  GWVs  and  NDVs  did  not  contribute  significantly 
to  type  I  error.  Finally,  information  was  not  collected  on 
maternal  risk  factors,  such  as  obesity,  diabetes,  or  hyper¬ 
tension,  and  this  may  have  affected  results,  if  response  was 
differential  for  GWVs  and  NDVs  based  upon  maternal  risk 
factors. 

Conclusions 

Our  findings  suggest  that  deployment  to  the  Persian  Gulf 
region  during  the  1991  Gulf  War  is  not  associated  with  in¬ 
creased  odds  of  adverse  pregnancy  outcomes.  Furthermore, 
Gulf  War  deployment  was  not  associated  with  low  or  macro- 
somic  birth  weight.  Further  research  is  needed  to  more  ob¬ 
jectively  assess  the  potential  effect  of  deployment  exposures 
on  reproductive  health.  Acting  on  concerns  raised  after  the 
1991  Gulf  War,  the  DoD  has  recognized  this  need,  and  estab¬ 
lished  the  Millennium  Cohort  Study,  a  21 -year  prospective 
cohort  study  of  military  personnel  [66],  and  the  DoD  Birth 


and  Infant  Health  Registry  [67],  which  provides  systematic 
surveillance  of  DoD  family  births.  These  projects  will  enable 
the  US  military  to  better  assess  reproductive  health  outcomes 
in  the  military  and  may  lead  to  important  health  policy  im¬ 
plications  for  veterans  returning  from  current  deployments 
to  the  Persian  Gulf  region. 
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